The initial respiratory rates at 20 centrigrade of detached oranges (Valencia and navel), grapefruit, and lemons decreased during ontogeny. Small attached oranges respired at the same rate as detached fruits of the same weight, and cutting the pedicel produced no shock or injury stimulus to the respiratory rate. Small oranges and grapefruit (average weight about 15 grams) showed pseudoclimacteric respiratory patterns and produced ethylene. The height of the respiratory rise and the amount of ethylene produced decreased as the fruit increased in weight until the September 4th harvest, when the fruit weights were 120, 64, and 87 grams for grapefruit, Valencia, and navel oranges, respectively; at that time no respiratory rise or ethylene production was observed. The pattern for all subsequent harvest revealed no postharvest rise in the respiratory rates. Lemon fruit, in contrast, had a continuously decreasing respiratory rate at all stages of ontogeny. Exposure to 20 microliters of ethylene per liter induced an increase in the respiratory rate of all varieties at every stage of ontogeny; this was true also in young oranges and grapefruit following their respiratory rise and decline.
The postharvest respiratory response of citrus fruits is a subject of considerable controversy. Biale (3, 4) classified citrus as nonclimacteric based on the respiratory pattern of mature fruit. Trout et al. (22) reported evidence of a climacteric rise for oranges at 4.4 to 10 C, especially for fruit picked early in the season. Recently, Aharoni (1) presented respiratory patterns for small oranges and grapefruit that were similar to those displayed by typical climacteric fruit; in addition, the production of ethylene by small oranges paralleled the respiratory pattern of climacteric fruit. However, as the fruit approached maturity, no climactericlike respiratory pattern was observed. The initial respiratory rates of citrus fruit, during their development showed a rapid decline in the early stages of fruit growth followed by a gradual decline as the fruit became larger (1, 2, 21) ; but determinations were delayed after harvest, and so the rates may not represent rates of those exhibited while fruit was on the tree or immediately after harvest. The occurrence of the climacteric on the plant, by determination of the respiratory rate immediately after fruit detachment, has been reported for apples (14, 15) , tomatoes (11) , apricots (5) , and olives (18) . It appears that true climacteric fruits demonstrate this phenomenon on the plant; therefore, the classification of citrus is still undetermined.
Reported here are respiratory responses of orange, grapefruit, and lemon fruits, also the response of attached orange fruits, and the effect of detachment of orange fruits. The results are discussed relative to the changes during growth and development and in relation to the problem of the climacteric or nonclimacteric nature of citrus fruit.
MATERIAILS AND METHODS
The fruits used in the experiments were obtained from the Citrus Research Center groves: orange, Citrus sinensis (L.) Osbeck, cultivars Valencia and navel; grapefruit, Citrus paradisis Macf., Marsh-Seedless; and lemon, Citrus limon (L.) Burn, Eureka. In the study to determine the response of attached fruit, and the influence on respiration of detaching the fruit, Valencia orange fruits grafted to seedlings, as described by Erickson (9) , were used. The plant with a growing fruit attached was brought from the greenhouse to the constant temperature laboratory at 20 C. The fruits were placed in respiratory chambers in the dark, and the opening through which the stem passed was sealed with silicon grease. The respiratory rate was determined for 24, 48, and 72 hr before the pedicel was cut and for several days afterward. Prior to cutting the pedicel a continuous record was obtained for 1 hr before cutting and for 3 hr afterward.
The detached fruits were brought to the laboratory, weighed, measured, and placed in respiratory chambers at 20 C within 30 min of harvest. When field temperatures varied significantly from 20 C, the initial respiratory rates were influenced, but temperature determinations with thermocouples and the respiratory pattern indicated that small fruit equilibrated within 1 hr and larger fruit equilibrated within 3 hr. The evaluation of the initial respiratory rate and the pattern of Valencia oranges and lemon fruits began with fruit weighing less than 1 g and continued through to mature fruit for a total of 179 lemon fruits and 171 Valencia oranges. The determinations were made for a 23-hr period on individual fruits. The data for this portion of the study were summarized by averaging the weights and respiratory rates during the 23-hr experimental period for fruits in various weight categories as follows: less than 1 g, 1 to 4.9 g, 5 to 9.9 g; for 10-g intervals between 10 and 69.9 g, 70 (Figs. 1 and 4) . As the fruits increased in weight, the initial respiratory rates decreased and the rate of change with time was less accentuated. Figure 2 and 5 show for Valencia oranges and lemons, respectively, the average respiratory rates (mlCO2/ kg-hr andml CO2/fruit hr) for the various weight categories: (a) 3 hr after harvest, representing an initial rate after temperature equilibrium had occurred; (b) the average of the rates from 3 to 12 after harvest (this corresponds to data obtained in other investigations when absorption or other techniques required a period of time to make the determination); and (c) 20 hr after harvest representing steady state conditions and data where the first determination was made about 1 day after harvest. Note that the ex- Respiratory Pattern and Ethylene Production. The average respiratory rates at 20 C of grapefruit, Valencia and navel oranges, and lemon fruits, 20 days after harvest, are presented in Figures 7 to 11 . The initial rates and trends for Valencia and lemon fruits are similar to those presented previously (Figs. 1 and  3 ). However, 3 to 4 days after harvest the respiratory rates for small grapefruit, Valencia oranges, and navel oranges began to increase, rising to a maximum by the 5th to 8th day after harvest and then decreasing to a relatively steady state (Figs. 7-10 ). The actual height of the maximum and the ratio of the maximum to the pre rise minimum decreased as the fruit increased in size until no rise was observed for fruit sampled September 4 (Fig. 11) ; on that date the fruit weights were 120, 64, and 87 g for grapefruit, Valencia and navel oranges, respectively. The subsequent sampling of these varieties at monthly intervals revealed no postharvest rise in the respiratory rates. It will be noted that lemon fruit, in contrast, had a continually declining respiratory rate at all stages of development.
During the first 2 days after the June 3 harvest, the small fruits (respiratory rates shown in Fig. 7 Figure 2 .
FIG. 6. Average respiratory rates (ml of C02/I000 cm2 * hr) during the first 20 hr after harvest of lemon fruits. Fig. 10 ) when the peak rates were 0.4, 0.3, and 0.2 ul of C2H4/kg -hr for grapefruit, Valencia and navel oranges, respectively. Grapefruit, Valencia and navel oranges harvested Sept. 4 ( Fig. 11) and those of all subsequent harvests produced no detectable ethylene (less than 0.01 ,Al/kg -hr). The lemon fruits of all weights failed to show a rise in the respiratory rate and produced no ethylene or only trace amounts (less than 0.01 ,l/kghr). During the period that the chambers were closed to determine ethylene production, the CO2 concentration therein did not exceed 1.0%, and the oxygen concentration remained above 20.0%. Grapefruit, Valencia and navel oranges, which displayed a rise in the respiratory rates (Figs. 7-10 ) and produced ethylene in more than trace amounts, lost their green color, becoming yellow; abscission of the buttons also occurred. The color change began midway during the respiratory rise and was complete about 2 days after the respiratory maximum. The color change was less marked in the fruit harvested Aug. 16; it did not occur, during the 21-day experimental period, in fruit of these varieties harvested Sept. 4, or in subsequent harvests until the fruit was mature and began to show color break in the field. Also, the buttons normally remained attached on fruit sampled Sept. 4 and on all subsequent samples. Color changes were not observed in lemons until they neared commercial maturity.
Exposure to 20 lA of ethylene per liter induced a rise in the respiratory rate, color changes, and abscission of the buttons in all varieties at every stage of growth and development. Also, the respiratory rates of small fruits were stimulated again by exposure to ethylene after the rise shown in Figures 7 to 10 . In fact, the respiratory rates of citrus fruits can be repeatedly stimulated by intermittent exposures to ethylene.
DISCUSSION
The respiratory rate of Valencia oranges is not significantly altered by detaching the fruit from the plant (Table I) . Todd et al. (21) did not find significant differences between attached and detached Valencia oranges, but they gave single values for fruits of various sizes without indicating the time period involved, which is an important factor. In the present investigation data were obtained on fruits 1 to 3 days before the pedicel was cut and a continuous record was obtained of the respiratory rate for 1 hr before fruit detachment to 3 hr after; these data revealed no shock or injury stimulus as a result of cutting the pedicel. Therefore, fruits sampled from trees in the field give a true respiration response of the fruit during its growth and development on the tree. However, fruit temperatures at the time of harvest do influence the initial readings, as previously outlined. Also, the fruits must be carefully handled because citrus fruit respiration is sensitive to bruising or pressure damage (7, 24, 25) .
The respiratory rate, immediately after harvest, decreased during ontogeny of the citrus fruits (Figs. 1-6) ; this is in accord with previous reports by Aharoni (1) , Bain (2) , and Tood et al. (21) . However, Luthra and Chima (17) The rise in the respiratory rate of small oranges and grapefruit is considered a pseudoclimacteric, not a true climacteric. Similar rises were observed in small immature olives (18) , apricots (5) , peaches and plums (20) , and apples (14, 15) ; the increase tended to disappear as the fruit grew larger and, except for apples, did not reappear when the fruit reached horticultural maturity. The responses observed in oranges and grapefruit, reported here, appear to be due to the ethylene produced and are similar to those reported by Aharoni (1) . However, in this study, unlike the present one, the respiratory rise persisted in larger navel oranges and grapefruit (110 and 180 g, respectively) . Further evidence that this is not a typical autogenous climacteric is seen in the fact that after the respiratory rise and decline these small fruits responded to externally applied ethylene and could be repeatedly stimulated by ethylene.
No explanation can be given for the rather large quantities of ethylene produced by the small fruits but not by the larger ones. The response of lemon fruits is an anomaly. The respiratory response following application of ethylene to oranges, grapefruit, and lemons at all stages of growth and development is typical of nonclimacteric fruits; even senescent citrus fruit respond. The application of ethylene to postclimacteric apples (13) , pears (12) , and bananas (10) did not stimulate the respiratory rate. The "climacteric" rise reported by Trout et al. (1960) for oranges at 4.4 to 10 C may be, as the authors indicated, a response to chilling injury. Sweet potato roots (16) and cucumber fruits (8), both nonclimacteric products, displayed similar respiratory stimulations when held in the temperature range used by Trout et al. (22) . In addition, respiratory rates of oranges, sweet potatoes, and cucumbers at 20 C after exposure to 0, 5, or 10 C were considerably greater than fruits exposed directly to 20 C, whereas the respiratory rate at 20 C following exposure to 0 or 10 C of carrots, a crop not subject to chilling injury, was not greater than that of roots placed directly at 20 C (6). Furthermore, the extrapolation made by Trout et al. (22) leading to the conclusion that the climacteric maximum would be reached in less than 1 
